As shown in Figure S2 , TS-6a and TS-6b correspond to axial attack of fluorine on the half-chair cyclohexene ring, while the corresponding boat-like TSs (TS-6c and TS-6d) are higher in energy by 1.1 kcal/mol. Figure S2. Fluorination transition structures TS-6a-6d for fluorination of 1 (B3LYP-D3(BJ)/def2-TZVPP-IEF-PCM (THF)//B3LYP/6-31G(d)-IEF-PCM (THF)). The resulting enantiomer of 6 for each TS is also shown. The differences in free energy of activation (∆∆G ‡ ) are reported, relative to TS-6a, in kcal/mol.
How Cinchona Alkaloid-Derived Primary Amines Control Asymmetric Electrophilic Fluorination of Cyclic Ketones
Yu-hong Lam, K. N. Houk* Supporting Information 
A. Computational methods
All of the geometries were fully optimized at the B3LYP 1-4 /6-31G(d) level of theory, in conjunction with the IEF-PCM implicit solvation model 5 to account for the solvation effects of tetrahydrofuran, the solvent used experimentally. All of the optimized geometries were verified by frequency computations as minima (zero imaginary frequencies) or transition structures (a single imaginary frequency). Single-point energy calculations on the optimized geometries were then evaluated using the dispersioncorrected density functional method B3LYP-D3 6 (with a Becke-Johnson (BJ) damping function [7] [8] [9] ) and the triple-zeta valence quality def2-TZVPP basis set of Weigend and Ahlrichs, 10 within the IEF-PCM model (THF). The thermal corrections evaluated from the unscaled vibrational frequencies at the B3LYP/6-31G(d) level on the optimized geometries were then added to the B3LYP-D3(BJ)/def2-TZVPP electronic energies to obtain the free energies. The free energy corrections were calculated using Truhlar's quasiharmonic approximation. 11, 12 This uses the same usual harmonic oscillator approximation in the calculations of the vibrational partition functions, except that all of the real vibrational frequencies that are lower than 100 cm -1 are set equal to 100 cm -1 , as a way to correct for the spurious overestimation of vibrational entropies introduced by treating low-frequency vibrational modes as harmonic oscillators. 13 Additionally, singlepoint energies were calculated within the IEF-PCM model by using B3LYP/def2-TZVPP, M06-2X 14 /def2-TZVPP and ωB97XD 15 /def2-TZVPP on B3LYP/6-31G(d) geometries to check for robustness of our conclusions regarding the origin of stereoselectivity across different theoretical methods.
Additional CBS-QB3 16 reported, relative to TS-6a, in kcal/mol.
Additional single-point energies using other density functionals
To study the extent to which the stereoselectivities depend on dispersion interactions, single-point energies of the fluorination transition structures were computed using M06-2X/def2-TZVPP and ωB97XD/def2-TZVPP, in addition to the B3LYP-D3(BJ)/def2-TZVPP results discussed in the Main Text. The results are listed in Table S1 . Results The data in Table S1 show that all of the density functional methods give the same trends in relative energy of the transition structures. In general, the differences in free energy of activation calculated by the dispersion-inclusive density functional methods are smaller than those calculated by plain B3LYP. However, for the fluorinations modeled by TS-6, TS-7 and TS-8, as well as the model systems TS-11 and TS-12, the transition structure leading to the minor enantiomer is still high in energy after taking dispersion effects into account and does not contribute to the formation of the minor enantiomer under the experimental conditions. For example, using the def2-TZVPP basis set, the energy difference between TS-6a and TS-6b is 9.0 kcal/mol with B3LYP, and 6.8 kcal/mol with B3LYP-D3(BJ).
For the desymmetrizing fluorination of 4 (TS-9a-d), the plain B3LYP functional seriously overestimates the anti/syn selectivity, with the energy difference between TS-9a
and TS-9c calculated as 3.1 kcal/mol using the def2-TZVPP basis set. On the other hand, reproduced by the different methods, although, again, the energy differences are smaller with the use of dispersion-inclusive functionals. Thus, using B3LYP-D3(BJ)/def2-TZVPP, the difference in free energy between the most favorable transition structure TS-10a and the next higher-energy transition structure TS-10c is 1.9 kcal/mol, giving the product ratio of (3aS,4R,7aS)-10 versus (2R,3aS,7aS)-10 as 1:0.02 under the experimental conditions, in good agreement with the experimental result that (3aS,4R,7aS)-10 was the sole product.
To summarize, comparison of the differences in free energy of activation computed by dispersion-corrected and dispersion-uncorrected functionals shows that differential dispersion interactions do not play a significant role in influencing the experimentally observed enantiofacial control, but the inclusion of dispersion interactions is essential for reproducing the experimental diastereoselectivity of the fluorination of 4 and the carbonyl selectivity in the fluorination of 5.
